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state  or  reflect  those  of  the  Department  or  any  employee  thereof. 


I OBJECTIVES 


The  intent  of  the  project  was  to  demonstrate  the  application  of  solar 
energy  for  existing  large  multi-family  dwelling  units.  The  project  is 
feasible  in  original  construction  or  as  a retrofit.  In  evaluating  the 
optimum  yield  for  dollar  cost  it  was  decided  that  the  use  of  solar  ener- 
gy as  an  alternate  source  for  heating  domestic  water  v;as  most  feasible 
because  of  the  year  round  use  as  opposed  to  a hot  water  space  heating 
system  application.  The  space  allocated  for  collector  use  was  adequate 
for  heating  domestic  hot  water,  but  not  enough  space  was  available  to 
supply  a significant  percentage  to  the  hot  water  space  heating  system  in 
the  building.  In  addition,  the  existing  space  heating  system  was  designed 
for  higher  temperature  hot  water  so  use  of  solar  would  have  required  either 
major  system  changes  at  considerable  expense  or  solar  use  would  be  limited 
to  partial  load  conditions. 
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II 


PROJECT  IMPLEMENTATION 


1.  Project  Planning  and  Equipment  Acquisition 

After  developing  objectives  and  acquiring  raw  data  for  water  consump- 
tion, gas  consumption,  and  theoretical  solar  heating  production  it 
was  determined  the  project  needed  professional  help  for  the  proposal 
and  a source  to  interpret  the  raw  data.  Drapes  Engineering  was 
contracted  for  the  solar  system  design  on  July  18,  1978. 

The  owners  did  research  into  two  main  areas  of  concern;  location  of 
the  mechanical  components  for  the  proposed  system  and  the  choice  of 
collectors.  Contact  was  made  with  a representative  of  a new  firm 
just  developing  convex  tracking  collectors  with  the  idea  of  utilizing 
the  limited  collector  location  space  to  allow  for  as  much  energy  col- 
lection as  possible.  After  comparing  efficiency  factors  of  convex 
collectors  against  flatplate  collectors  it  was  determined  that  the 
small  percentage  advantage  was  not  great  enough  as  opposed  to  the 
following  negative  factors:  maintenance  cost,  difficulty  of  elec- 
tronic control  maintenance,  questionable  warranty  and  company  repre- 
sentative availability. 

The  final  choice  for  the  solar  collectors  was  made  based  on  proven 
reliability,  simplicity  of  maintenance  and  a state-based  supplier. 

The  owners  selected  Sunworks  3'  x 7'  flatplate  collectors  and  decided 
on  a direct  purchase  by  owners  thereby  assuming  responsibility  for 
warranties  and  guarantee  of  operation  of  collector  jointly  with  the 
supplier.  This  purchase  allowed  for  a 15%  savings  in  collector  costs. 
All  other  equipment  was  supplied  by  the  contractor. 
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II  PROJECT  IMPLEMENTATION  (CONT'D) 


1.  Project  Planning  and  Equipment  Acquisition  (Cont'd) 

A major  consideration  at  this  time  was  the  physical  size  and  capa- 
city of  storage  tanks.  The  storage  tank  size  was  dictated  by  the 
least  expensive  method  of  bringing  them  into  the  building  location. 
The  final  decision  was  to  break  the  necessary  design  volume  into 
two  units  that  could  be  brought  in  the  building  with  minimum  al- 
teration of  existing  walls  and  entrances. 

2.  System  Installation 

The  job  was  initially  bid  on  March  15,  1978,  but  the  lowest  bid 
was  over  the  funded  amount  for  the  project.  The  project  was  rene- 
gotiated with  the  DNRC  and  scope  of  the  project  was  subsequently 
reduced  as  follows: 

a.  Handling  and  markup  costs  for  the  solar  collectors  were  elimina- 
ted by  the  owners  making  a direct  purchase. 

b.  The  responsibility  for  nonmechanical  items  such  as  brick  wall 
removal  to  provide  access  for  storage  tanks  and  new  wall 
construction  was  accepted  by  the  owner  to  reduce  overall  cost 
factors  and  expedite  negotiations  on  the  contract. 

c.  New  wi remold  and  convenience  outlets  were  omitted. 

d.  Gauge  well  thermostats  for  remote  temperature  sensor  locations 
were  used  instead  of  a control  temperature  control  readout  panel 
with  remote  temperature  sensors. 
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II  PROJECT  IMPLEMENTATION  (CONT'D) 


2.  System  Installation  (Cont'd) 

e.  Interior  pipe  insulation  was  omitted  with  the  exception  of  the 
heat  exchanger  and  storage  tanks.  Armaflex  insulation  was  in- 
stalled on  all  exterior  piping  instead  of  foamed-in-pl ace  in- 
sulation with  a sheet  metal  enclosure  and  Armaflex  on  pipe  out- 
side the  sheet  metal  box  as  was  originally  specified. 

Nelson  Plumbing  and  Heating  was  contracted  to  complete  the  revised 
job  on  May  25,  1978.  The  system  was  installed  and  punch  list  items 
completed  on  May  7,  1979. 

3.  System  Modification 

Several  modifications  were  made  to  the  system  design  while  the  pro- 
ject was  under  construction. 

A pressure  relief  valve  was  installed  in  the  water  circuit  on  the 
outlet  of  the  heat  exchanger  to  provide  overpressure  protection  for 
the  storage  tanks.  This  protection  is  especially  required  when  the 
storage  tanks  are  valved  off  from  the  city  system. 

A Powers  #11  mixing  valve  was  called  for  on  the  original  drawings 
to  reduce  supply  temperature  from  the  solar  storage  tanks  if  it 
exceeded  the  normal  system  supply  temperature.  This  mixing  valve 
requires  continuous  flow  for  proper  operation  so  was  changed  to  a 
Powers  #434  which  does  not  have  the  continuous  flow  requirement. 

The  expansion  tank  connection  of  the  antifreeze  circuit  was  changed 
from  the  location  shown  on  the  drawings  to  the  collector  side  of 
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II  PROJECT  IMPLEMENTATION  (CONT'D) 


3.  System  Modification  (Cont'd) 

the  motorized  valves  on  the  return  line  from  the  collectors.  This 
change  was  required  because  the  original  design  did  not  allow  for 
antifreeze  expansion  when  the  motorized  valves  were  closed. 

Changing  the  location  of  the  expansion  tank  solved  the  problem. 

The  Rho  Sigma  #500  temperature  controller  originally  specified  is  a 
proportional  control  designed  to  work  with  a variable  speed  pump. 

A single  speed  pump  which  is  less  expensive  was  used  in  the  design 
so  a Rho  Sigma  #106  differential  controller  that  would  be  compati- 
ble with  the  pump  was  substituted. 

4.  System  Performance 

The  first  step  in  determining  system  performance  was  to  estimate 
the  efficiency  of  the  backup  hot  water  boiler.  A gas  meter  and  a 
water  meter  were  provided  by  the  owner  for  monitoring  purposes.  The 
solar  system  was  bypassed  from  July  12,  to  July  24.  Readings  were 
taken  during  this  period  from  the  water  meter  and  the  gas  meter  in 
addition  to  system  inlet  temperature  and  outlet  temperature.  Water 
temperatures  were  fairly  consistent  throughout  with  an  average  inlet 
temperature  of  55°F  and  an  outlet  temperature  of  145°F.  Hot  water 
consumption  for  the  period  was  20,520  gallons  and  natural  gas  con- 
sumption was  25  MCF.  Efficiency  of  the  backup  boiler  are  calculated 
as  follows: 

Energy  In  = 25  MCF  X 900,000  Btu/MCF  = 22,500  MBtu. 

Energy  Out  = 20,520  Gallons  X 8.35  Lbs. /Gallons  X 90°  X Btu/Lb°  = 
15,421  MBtu 

Efficiency  = 15,421/22,500  = 69%. 
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II  PROJECT  IMPLEMENTATION  (CONT'D) 


4.  System  Performance  (Cont'd) 

No  solar  system  performance  information  has  become  recorded  to 
date.  This  information  may  become  available  from  the  owner  after 
the  system  has  been  operating  for  a period  of  time.  (See  Section 
IV  Monitoring.) 

5.  System  Cost 

The  following  cost  breakdown  was  supplied  by  the  mechanical  contractor. 


Material 

Labor 

a . 

Collector  Installation 

$ 344.00 

$ 3,291.00 

b. 

Collector  support  structure 

fabrication 

5,415.00 

4,123.00 

c. 

Collector  support  structure 
tion 

installa- 

3,018.00 

612.00 

d. 

Collector  piping 

3,776.00 

6,748.00 

e. 

Intermediate  piping 

2,510.00 

2,531.00 

f. 

Mechanical  Room  Piping 

5,045.00 

4,218.00 

g- 

Mechanical  Room  Equipment 

11,114.00 

2,731.00 

h. 

Control s 

4,166.00 

844.00 

$35,388.00 

$25,098.00 

Horizon  Lodge  had  expenses  of  $12j428.00  for  solar  collectors  and 
$1,200.00  outside  of  the  contract  for  internal  staff  labor  and 
materials  to  redo  the  wall  and  doors  into  the  mechanical  room,  paint- 
ing and  outside  entry  replacement.  The  $1,200.00  represents  $605,00 
in  labor  and  $595.00  in  materials. 

Total  Cost  = $35,388.00  + $25,098.00  + $12,428.00  + $1,200.00  = $74,114.00. 
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II  PROJECT  IMPLEMENTATION  (CONT'D) 


6.  Economic  Evaluation 

The  f-chart  analysis  for  this  system  showed  that  the  906  SF  domestic 
hot  water  system  would  provide  an  estimated  52%  of  the  504  MMBtu/Yr. 
heat  load.  Assuming  that  the  conventional  hot  water  heater  efficiency 
is  65%  on  an  annual  basis  and  that  the  average  cost  of  natural  gas 
is  $2.55/MMBtu  the  annual  cost  of  water  heating  is: 

504  X 2. 55/. 65  = $1 , 977 . 00/year 

The  cost  savings  can  be  estimated  at: 

$1,977.00  X .52  = $1,028. 00/year 

The  simple  payback  is  74,114/1026  = 72  years 
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Ill  CONCLUSIONS  AND  RECOMMENDATIONS 


There  have  been  no  problems  to  date  with  the  operation  of  the  system. 
Typical  solar  storage  temperatures  of  125°F  in  the  evening  and  80°F  in 
the  morning  have  been  obtained.  A major  goal  of  the  project  was  reali- 
zed; obtaining  detailed  cost  data  for  a large  retrofit  DHW  system.  The 
necessary  metering  equipment  has  been  installed  to  obtain  performance 
data. 

A suggested  modification  to  the  existing  system  would  be  to  set  the  water 
outlet  temperature  at  115°F  instead  of  the  present  145°F. 

High  solar  storage  temperatures  have  not  been  a problem.  Storage  tempera- 
tures have  not  exceeded  150°F  even  when  the  solar  system  was  bypassed  for 
several  days  to  determine  efficiency  of  the  hot  water  boiler.  It  is  pro- 
bable that  the  dry  cooler  would  not  be  required  on  systems  of  this  type. 
Additional  savings  could  be  obtained  by  elimination  of  the  mixing  valve 
(to  maintain  a set  maximum  temperature)  but  only  after  careful  study  of 
system  load,  solar  storage,  etc.  show  that  the  high  temperatures  will  not 
be  a problem.  Performance  data  from  this  project  will  be  useful  in  de- 
termining the  need  of  these  items  on  similar  future  installations. 
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IV  MONITORING 


The  desired  information  from  a monitoring  program  on  this  project  would 
be  the  percent  of  load  by  solar  heating  on  a monthly  basis.  To  get  this 
information,  it  is  necessary  to  measure  the  following: 

1.  total  flow  of  water  through  the  system 

2.  the  monthly  average  inlet  water  temperature 

3.  the  monthly  average  outlet  water  temperature 

4.  the  total  amount  of  backup  heating  fuel 

5.  the  efficiency  of  the  backup  heating  system 

The  owner  has  provided  a gas  meter  and  a water  meter  for  monitoring. 

The  efficiency  of  the  backup  hot  water  boiler  should  be  determined  on  a 
seasonal  basis  by  bypassing  the  solar  system  for  several  days  and  measur- 
ing the  system  inlet  temperature,  outlet  temperature,  water  use,  and  gas 
consumption. 

During  normal  operation,  the  monitoring  would  require  that  the  owner  make 
several  water  temperature  readings  during  the  month  and  then  take  gas  and 
water  meter  readings  at  the  end  of  each  month.  An  estimate  of  the  monthly 
percent  of  load  can  be  determined  from  this  information  assuming  a con- 
stant backup  heater  efficiency. 

Total  Load  = (Outlet  Temp.  - Inlet  Temp.)  X Water  Use  (Gallons)  X 8.35 
Backup  Energy  = Gas  Use  (MCE)  X 900,000  X Efficiency  of  Backup  System 
Solar  Fraction  = (Total  Load  - Backup  Energy)/Total  Load 
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V 


PUBLIC  AVAILABILITY 


1.  Horizon  Lodge  domestic  hot  water  solar  system  will  be  available  for 
individuals  and  groups  to  review  by  appointment  9 to  5 p.m.  week 
days. 

2.  The  estimated  number  of  general  public  viewing  the  project  during 
the  last  month  of  construction  and  first  month  of  operation  were 
approximately  55  persons  which  included  three  groups  with  an  average 
number  of  twelve.  The  present  residents  of  Horizon  Lodge  (93)  have 
all  viewed  the  project  and  continue  to  monitor  activities  daily. 

The  longest  distance  traveled  by  individual  or  group  was  150  miles 
one-way. 
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VI  PROGRAM  EVALUATION 


My  personal  evaluation  of  the  renewable  energy  program  is: 

1.  The  state  offices  maintain  a very  high  level  of  monitoring  progress 
of  projects  and  good  financial  auditing  of  project  fund  requests. 

The  delay  in  state  offices  providing  funds  when  payment  requests 

are  made  does  create  some  difficulty  with  larger  contracted  projects. 

2.  I would  recommend  some  form  for  recording  monitoring  of  the  various 
energy  factors  in  larger  projects  such  as  Horizon  Lodges'.  This 
would  provide  greater  accuracy  in  the  data  gathering  processes 
therefore  providing  more  accurate,  efficient  results. 

3.  The  domestic  solar  project  appears  to  be  providing  a higher  level 
of  efficiency  when  originally  projected.  I feel  the  eventual  data 
accumulated  will  be  very  helpful  to  future  commercial  applications. 

4.  The  residents  of  Horizon  Lodge  were  at  first  unconvinced  of  the 
value  of  this  project.  Since  the  project  has  been  completed  and 
they  have  been  exposed  to  the  actual  temperatures  produced  by  the 
system  and  have  begun  to  understand  the  dollar  factor  in  savings. 

They  have  become  very  enthused,  supportive  and  proud  that  they  have 
the  project  in  their  building. 


Major  Caldwell 

Administrator  - Horizon  Lodge 
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